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SYNTHETIC TELLURIDE OP aOLD 

Gold ocours In nature with telluriian In a niMber of 
quasl-mlnerals knoim as the tellurldes. The more definite 
of these are sylvanlte, Au(Ag)Te^, monoclinlo; Krennerlte, 
Au(Ag)Te , orthorhomMc; Au(Ag)Te, massive, and Petzlte, 
Ag(Au) Te, massive. These substances were studied from a 
crystaliographic standpoint by Penfleld.i He showed by the 
measurement of crystal faces that the crystaliographic con- 
stants of Galaverlte are somewhat indefinite, exhibiting 
either monoclinio or triclinic syametry. Galaverlte is the 
most definite of the tellurldes in other respects. 

Lenher* took up the study of these substances from a 
chemical standpoint. He found that when finely divided tel- 
lurldes are brought into contact with auric chloride solu- 
tions, gold is precipitated quantitatively from solution, 
the tellurium dissolving according to the equation: 



3 Te + 4 AUCl, = 3 TeCl + 4 AU. 

lAiflerlcan Journal of science, September, 1901, p. 225. 
a Journal of American Chemical society, 24:355.^ t 
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This Is exactly In accord with the action of elementary 
tellurium upon gold solutions, and takes place under the 
same conditions, l.e,, slowly In the cold, very readily at 
boiling temperatures. 

The author has shown ^ that elementary tellurium Is dis- 
solved by alkaline solutions of potassium permanganate and 
acid solutions of dlchromate according to the equations: 

(1) s Te + 4 KMnO^ =5 3 TeO, + 4 MnO„ + 2 K^o 

4 8 8a 

(2) Te + KgCrgO^ = TeOj + CraO, + K,0 

These same solutions, under sjjnllar conditions, extract 
telluriian (luantltatlvely from the tellurldes of gold, leav- 
ing the gold In a spongy condition just as It appears after 
the parting of a silver-gold alloy by acid. sodium sul- 
phide acts similarly, dissolving out the tellurium. The tel- 
lurium Is also readily expelled from the tellurlde by heat 
In an inert atmosphere such as carbon dioxide or hydrochl03>- 
lo acid gas. The above results all indicate strongly that 
the tellurldes are alloys or mixtures rather than true com:- 
pounds. 

Berzellus prepared tellurlde of gold by melting togethr- 

*#* 
1 Thesis for the Degree of Bachelor of Arts. 
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ep molecular proportions of metallic gold and elementary 
tellurium. The resulting substance Is described as sllvei>- 
whlte In color, brittle, and apparently crystalline In 
structure. 

The two elements when nelted together, In any propor- 
tions, yield homogeneous alloys which possess the same prop- 
erties as that prepared by Berzellus. 

These alloys ocmpoTt themselves toward reagents exactly 
as do elementary tellurium and the natural tellurldes. 

Lenheri attempted to synthesize tellurlde of gold by 
conducting hydrogen tellurlde Into aurlo chloride solutions. 
The resulting precipitate was composed of tellurium and gold 
in inconstant proportions, and, on standing in contact with 
the gold solution, gold was precipitated ccanpletely, tellur- 
ium dissolving. 



*#«> 



ijoiimal of American chemical society, 24:355. 
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OBJECT OP INVESTIGATION 



The present work was undertalcen with a view of ascer- 
taining whether a telluride of gold of rational and constant 
composition could be fouaed in the wet way by the action of 
soluble tellurides upon solutions of various gold compounds 
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THE ACTION 07 SODIUM TELLURIDE 
UPON SOriUM SULPH-AURATE 

The first series of experiments was made with sodium 
tellurlde and sodl-jm sulph-aurate solutions. As both of 
these solutions are deccmposed ty standing, the reactions 
had to "be studied In an Inert atmosphere. Hydrogen v;as 
chosen as the most convenient gas for this purpose. 

Sodium tellurlde Is an hydroscopic solid which dis- 
solves In water to a deep permanganate colored rolutlon, 
which Is very readily decomposed by the oxygen of the air 
into caustic soda, tellurium separatln?: at the same time. 
It was prepared as follows: sodium tellurlde was first pre- 
pared by fusing molecular proportions of pure tellurium di- 
oxide with sodlun carbonate In a platinum crucible. This 
tellurite, which Is distinctly crystalline In structure, was 
reduced to a fine powder and mixed with twice Its bullc of 
finely powdered sugar carbon. This mixture Is heated In an 
atmosphere of hydrogen. In a Rose crucible, at a dull red 
heat for from five to ten minutes. The resiiltlng tellurlde 
Is permanent In perfectly dry air but decom^j^^f^y^of^^^^J^ 
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with the separation of tellurium in moiet air. 

Sodium sulph-aurate solution is oT^tained by dissolving 
atirio sulphide in sodium sulphide at about ten degrees. 

Auric chloride, when treated with hydrogen siaphide at 
aero, gives Au^s^ as a brown precipitate, and this, when 
dried in a dessioator and pulverized, dissolves readily in a 
solution of sodiian sulphide to a dark, red-brown, odorless 
solution, which decomposes on standing in the air, becoming 
colorless or light yellow and emitting the odor of poly^sul- 
phides. 
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APPARATUS 



A sohxlet extractor with dlBtllllng flask and refliix 
condenser Is set ^xp In the usual way. 

The siphon tube of the extractor is connected "by a 
short rubber tube to a glass tube passing through the per- 
forated stopper of the distilling flask, and this tube com- 
municates with the precipitating flask through a perforated 
stopper which also carries a separatory funnel. The side 
neck of the precipitating flask is connected to the top of a 
specially designed apparatus for filtering in hydrogen, the 
cons traction of which is seen from the accompanying diagram. 
This filtering apparatus is. In turn, connected, first, by 
the side tubulature to d vacuuB pxanp, and, second, tlirough 
the three-way atop cock to a Mohr hydrogen generator. Hy- 
drogen is also conducted into the apparatus from the other 
side, entering the distillation flask and filling that flask, 
the extractor, and the condenser. The excess of hydrogen 
from both generators escapes through a 3et at the top of the 
Liebig condenser, where it is burned. All Joints were made 

tight by wiring, and no rubber was used except where a flex- 
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Ible ;)olnt was absolutely neoessaiy. The hydrogen Is passed 
throtigh silver sulphate to remoye any hydroohlorio add 
which night he carried over frora the Uolir generator, or any 
arsenic contained In the zlno used. 

The solution of the tellurlde and precipitation of the 
gold solution is carried out as follows: The tellurlde of 
sodium, rrith the excess of sugar carbon used in its prepara- 
tion, is placed, in an extraction thimble and transferred to 
the extractor, water, previously boiled to remove dissolved 
oxygen, placed In the distilling flaslc, the vmole apparatxw 
made tight and hydrogen passed through it from both genera^ 
tors until 8J.1 air is displaced, when the hydrogen Is ignited 
at the 3et at the top of the condenser. How the water in the 
dlstlllinp: flasK is brought to the boiling point, and kept 
boiling slowly, the condensed stesm dripping from the con- 
denser upon the tellurlde and extracting it as a deep peician- 
ganate-colored solution, "'hen the extraction is well xmder 
way, the gold solution is prepared, as described above, and 
Introduced Into the precipitating vessel through the separa- 
tory funnel. 

The freshly prepared solution of sodium sulph-aurate is 
dark red-brown in color, and odorless. In the hydrogen at- 
mosphere of the a7?paratus, it is fairly permanent. 

The water is boiled in t]ie distilling flask until the 
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tellurlde solution In the extractor Deglns to siphon oyer, 
when the burner Is removed, and the solution allowed to run 
through the connecting tube Into the gold solution In the 
precipitating flask. An Immediate precipitation takes 
place. The precipitate Is allowed to settle and the super- 
natent liquid passed off through the filter toy raising the 
precipitating flask above the top of the filtering apparatus 
and applying weak suction, the flow of solution being con- 
trolled by the stop-cock, while a rapid current of hydrogen 
Is kept running. The precipitate, remaining In the precipi- 
tating flask. Is washed several times by deoantatlon, the 
wash water being run through the filter as In the case of 
the original solution, and, finally, the precipitate Itself 
Is thrown on the filter, or else, after a number of washings 
to assure the resaoval of all decomposable substance, the 
precipitation flask Is cut out of the apparatus and the pre- 
cipitate thrown on an ordinary hard filter paper and washed 
by the aid of suction until the washings show no coloration 
when treated with phenolphthaleln. 

The precipitate, whether on the disk of hard filter pat- 
per from the filtering apparatus or on the ordinary filter 
paper. Is dried In an air bath below 100° and Is then ready 
for analysis. 

The analysis was carried out by one of several methods: 
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10 
The extraotlon of tellurlion was effected: 

(1) By boiling with an aold solution of potassium dl- 
ohromate aooordlng to the reaction given above. The solu- 
tion of the tellurium Is complete after ten minutes boiling, 
when the resulting spongy gold is washed by decantatlon with 
hot water, transferred to a small ashless filter, dried, 
buxned, ignited and weighed directly. 

( 2 ) By boiling In concentrated nitric add. 

(3) By fusion with potaasium nitrate. 

Sither of the first two methods was used In nearly 9r~ 
evy case, they being much more convenient than the niter- 
fuslOT. 

In the case of the nitric acid method, the residual 
gold. Instead of being thrown on a filter, was transferred, 
after washing by decantatlon, to a porcelain crucible, where 
it was drained, dried, annealed, and weighed directly. 

ICvery precipitate, which was studied, was tested for 
sulohur by oxidation with fused nitre, and treatment with 
bariian chloride, but no sulphur was found in any case. 
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EXPERIMENTAL 



EXPERIMENT <1): QUALITATIVE:- A tellxiride solution 
was prepared as above described and run into the gold solii- 
tion. Bladtc precipitate Inmediately appeared. Upon stand- 
ing for several days, metallic gold was thrown out of solur- 
tion and fozned as a loose mirror on the sides of the flasK. 

EXPERIMENT (2):- Bladlc precipitate obtained in the 
same manner, filtered, washed, dried at llO^ C . , and anar- 
lyzed by extraction with acid potassium bichromate. 

Weight, substance,- - - -0,1104 Grams, 
weight, gold, , - - - -0.0378 Grams. 

Gold = 34.22 ^ 

Tellurium » 65.78 ^ , by difference. 

Poimula, irrational. 
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EXPERIMENT (3):- 

Wel^t, fsubstanoe, • > -o,2044 Orame. 

Weight, gold, - _ - -0,0991 Orams. 

Ck)ld « 54.35 ^. 

Tellurium « 51.51 ^, by difference. 

EXPERIMENT (4):- 

(a) Weight, substanoe, - - -0.1045 Orams. 
Weight, gold, _ - - -0.0532 Orams. 

OOld = 50.91 fa. 

Tellurium = 49.09 fj, by difference. 

(b) Weight, substance, - - -0.1055 Orams. 
Weight, gold, - - - -0.0578 Orams. 

OOld = 54.53 ^. 

Tellurium = 45.67 ^, by difference. 

EXPERIMRNT (5):- 

(a) Weight, substance, - - -0.1280 Orams. 

Weight, gold, - - - -0.0558 Orams. 
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IS 

Gold - 43.59 ^j. 

Tellurium = 56*41 fj, by difference* 

(to) Wel^t, sutostanoe, - - -0*1965 Orams. 

Weight, gold, - - - -0*0829 Grenis* 

Gold = 42*18 fj. 

Tellurlian = 57*82 fj, "by dlfferei\oe* 

(o) Weight, eutostanoe, - - -0*1986 Grama* 

Weight, gold, - - - -0*0839 Grams. 

Gold - 42*24 ^* 

Tellurium « 57*76 ^j, toy difference* 

EZPERIUEMT (6) 

Weight, autoatanoe, - - -0*3624 Grams* 
Weight, gold, - - - -0*1064 Grams* 

Gold « 29*35 ^* 

Tellurium «= 70*65 ^, toy difference 

EXPERIK5NT (7):- 

Wel^t, sutostanoe, - ->> -0,2015 Grams* 

Weight, gold, - - - -0*0942 Grams* 
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Oold « 46,74 <3. 



Telliirlum « 5S»26 *G, by difference. 

EXPERIMEMT (8):- 

Wel^ht, substanoe, - - -0,1474 arams* 

Weight, gold, _ - - -0.0667 Orams, 



Gold = 45.25 fj. 

Tellurium = 54.75 ^, by difference. 



in every experiment excepting the first two, the pre- 
cipitate, after being dried, was powdered and shaken with 
water In a beaker, the water poured off and with It any fine 
particles of the precipitate remaining in suspension. This 
operation was repeated until the main mass of the precipi- 
tate in the beaker settled ^ery rapidly and cleanly* This 
was done with the Idea that the lighter tellurium might be 
thus separated from the heavy tellurlde of gold, but in each 
case, analysis of the apparently lighter and heavier frac- 
tions yielded approximately the same result. In some cases, 
the apparently lighter part ran slightly higher in gold, and 
in others, the heavier fraction • 

Thus, In experiment (4), (a) represents the lighter 
fraction, and shows 50.91 ^ of gold, and (b) the heavier. 
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Bhovs 54.3S ^ Of gold, while In Ixperlment (5), (a) repre- 
sents the lighter fraotlon with 43.59 of gold, and it) and 
(o), the heavier, with 42,24 ^ of gold. 

The ahoTe experiments, perfoimed under approximately 
the same oondltions, gare precipitates showing the follow- 
ing gold content: 



(5) 



(2) Gold a 34.22 ^. 

(3) Gold = 48.49 ^ 
Ra) dold s 50.91 4,, 
|_(b) Gold = 54.33 ^. 

(a) Gold » 45.59 ^. 

(b) Gold = 42.19 i, 
(o) Gold - 42.24^. 

(6) Gold - 23.55 ^. 

(7) Gold « 46.74 ^. 

(8) Gold « 45.25 ^. 

Number (5a) corresponds exactly to AuTe with 45.59 ^y 
of gold, while Number (4) with 50.91 ^ of gold is very dose 
to Au Te which contains, theoretically, 50,72 ^ of gold. 

In no case, however, were these results duplicated, al- 
though the conditions were made as constant as possible. 

The filtrates from the gold tellurium precipitations 
were acidified with hydrochloric acid, and the resulting 
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precipitates always ccmtalned gold, sulphur, and tellivrlum, 
the tellurium always being present In very sraall quantities* 

As the tellurldes of gold occur In nature to a great 
extent associated with oaloluni ooopounds, an attempt was 
made to prepare calcium tellurlde . with a view to testing 
Its action upon gold solutions* 

Calcium tellurite was prepared by fusing In a platinum 
crucible over the blast molecxilar proportions of pure lime 
and tellurium dioxide. This tellurite was heated with sugar 
carbon In a Rose crucible In an atmosphere of hydrogen* In- 
stead of the tellurlde being f onned, as Is the case when 
sodlim tellurite 1b thus treated, the tellurium dioxide was 
reduced and elementary tellurium volatilized* 

In the second experiment, the vapors of tellurium were 
passed over molten metallic calcium In an atmosphere of hT** 
drogen In a combustion tube* No union of the two elements 
took place. 

In the third attempt, molecular quantities of metallic 
calcium and elementary tellurium were melted together in hy> 
drogtti* The resulting tellurlde, upon treatment with boUed 
water, yielded calcium hydroxide, tellurium, and hydrogent 
Instead of a solution of the tellurlde, and so could not be 
used for the experiments desired. 

As a final attempt to obtain a constant tellurlde of 
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gold the action of sodium tellurlde upon neutral solutions 
of aurlo chloride was tried. 

Pxire sodium tellurlde being deslralsle, an attempt to 
prepare this by the action of tellurium vapors upon metallic 
sodium In hydrogen was made* Tellurium, In a porcelain boat 
in a combustion tube, was heated to Its boiling point and 
the vscpors passed over molten sodium In another porcelain 
boat, hydrogen flowing continuously through the apparatus* 
A sublimate of a gray color resulted which consisted of a 
small quantity of sodium tellurlde along with considerable 
hydride of sodium. 

Sodium tellurlde was finally prepared by the fusion of 
molecular proportions of the two elements, and this product 
dissolved In water, yielding the characteristic permanganate- 
colored solution* 

Neutral aiirlo chloride was prepared In two ways. First: 
metallic gold was directly chlorinated, the AuCls being vol- 
atilized. This process being very slow, the chlor-aurlo 
acid crystals, obtained by aqua regla upon gold, were heated 
in chlorine gas until the water and hydrochloric acid v^ere 
driven out, the Auci^ volatilized, and the characteristic 
red needle crystals of the anhydrous chloride obtained. 
These were subsequently dissolved in water and the solution 
filtered to remove the small quantity of metallic gold Inva- 
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rlably found to be present. 

This axirlo ohlorlde solution was treated with the sodi- 
um tellurlde solution In hydrogen, and the precipitate re- 
sizltlng filtered, washed, dried, and analyzed as before* 

EXPERIMENT (9):-i- 

Weight, substanoe, - - -0»0240 arams. 

TTelght, gold, _ _ - -0,0175 Grams. 

Gold = 72.91 f;. 

Telliirlum == 27.09 ^o, by difference. 

EXPERIMENT (10):- 

weight, substanoe, - - -0.0809 Grams. 
Weight, gold, - - - -0.0682 Grams. 

Gold = 15.70 fj. 

Tellurium = 84.30 ^j, by difference. 

These experiment 8, lUce those of the first series, show 
no tellurlde of rational composition. The filtrate from 
experiment (10) was treated with hydrochloric acid and so- 
dium acid sulphite, and the resulting precipitate of gold 
and tellurium was exactly similar In appearance to those ob- 
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talned "by the Interaction of gold solutions and tellurlde 
solutions, and showed the same action toward reagents* 

The precipitates obtained In both series of the experi- 
ments were found to exhibit exactly the same behavior toward 
reagents as do the natvirally occurring tellurldes and those 
f onaed by the direct fusion of gold with tellurium. That 
Is, they reduce aurlo chloride solutions yielding gold and 
tellurl\ffii tetra-H^lorlde, and are decomposed by alkaline po-> 
tasslum permanganate, acid bichromate, and stronger oxldl2-> 
Ing agents such as nitric acid and fused potassium nitrate* 
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CONCLUSIONS 



The experiments above deeorlbed have yielded the fol- 
lowing results: 

1. When sodlim tellurlde solutions react with solu- 
tions of sodium sulidi-aurate, under constant, or 
widely dlff«?lng, conditions, no tellurlde of gold 
of rational or of constant cosnposltlon, Is fonaed. 

2, When neutral aiirlo chloride solutions react with 
sodium tellurlde solutions, no definite ccxnpoimd 
of gold and tellurium results* 

S. In the course of the work It has also "been shown 
that calolion telliirlde may be made only by direct • 
union of the elements at a red heat and also that 
the substance so formed Is decomposed by water, 
yielding calcium hydroxide, elementary tellurium, 
and hydrogen. 

4* All of the products obtained In the attempt to 
foiin tellurlde of gold In the wet way, the fusei 



way, the fusedr^. 
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alloys of gold and tellurium, and precipitated 
mixtures of the two elements, exhibit the same 
ohemloal properties that Lenher^ and the present 
author' have shoim the naturally oootirrlng telliuv 
Ides to possess* 

In view of these facts, It seems entirely ^justifiable 
to doubt the existence of tellurlde of gold as a ohemloal 
compound in the commonly accepted sense of the term. 



•«• 



^Journal of American Chemical society, 24:J?55» 
'Thesis for the Degree of Bachelor of Arts, 
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APPROVED. . /v^t^^.^&n/v^.,.-:^'^/. l/.J^e.h. 




Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



fi^^ofls^^fiai?! 




b89086982171a 



Digitized by 



Google 





Digitized by 



Google 



Digitized by 



Google 



